Chronic obstructive pulmonary disease (COPD) is a common preventable and treatable disease characterized by persistent airflow limitation, which is usually progressive and associated with an enhanced chronic inflammatory response to noxious particles or gases in the airways and the lung. COPD is a leading cause of morbidity and mortality worldwide and is more prevalent in smokers, in those over 60 years of age and in men more than in women (1).
antibiotics. Inclusion merits were based on standard blood and urine biochemistry, as well as on spirometry results which was unanimously required to be normal.
The second group included 30 male COPD patients (mean age 65 ± 7) treated at the Jordanovac University Hospital for Pulmonary Diseases, adjudicated to be stable for at least 3 months and needing no hospitalization and/or therapy modification. Their medication therapy, lasting 1-7 years, consisted of a combination of long-acting (salbutamol, 100-1000 µg) and short-acting (salmeterol, 2´50 µg) beta 2 -agonists as required, as well as administration of an anticholinergic or parasympatholytic (ipatropium bromide, 40-200 µg) agent and one of the xantine preparations (Teolin 300 mg, 2´1, or Teotard, 200-350 mg bid). All COPD subjects were without oral corticosteroids. The COPD group included patients (smokers and ex-smokers, pack per year = 42 ± 15, only four non--smokers) having FEV 1 of 46.6 ± 12.1 %, FEV 1 /FVC < 0.7, classified as COPD grade II (moderate) or III (severe) according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) standards (1) . Twelve patients (40 %) were former smokers who stopped smoking before 5-46 years, 14 (46 %) were current life-long smokers, while 4 (14 %) had never smoked at all. COPD patients with coexisting renal, hepatic, endocrine or gastrointestinal diseases, and those taking > 50 g of alcohol daily, were excluded from the study. No significant difference was found between healthy smokers and COPD smokers in respect to the number of cigarettes consumed per year (pack per year).
In all study subjects recruited in one year, blood samples were collected between 7:00 and 9:00 a.m. after overnight fasting. The serum was separated by means of 2000 x g 10-minute centrifugation, and stored at -20°C until analysis. Spirometry was performed on the same day.
Biochemical analysis of GST and LDH activity and AAT concentration
Genomic DNA was extracted from whole blood samples using a modified salting--out procedure (19) . Glutathione S-transferase (GST) and lactate dehydrogenase (LDH) activity, along with alpha-1-antitrypsin (AAT) concentration, were determined in serum samples of all subjects. LDH activity was measured using the standard method and available tests (Olympus Diagnostica GmbH, Ireland) intended for Olympus AU 400 auto-analyzer. AAT concentration was determined by means of the radial immune-diffusion (RID) technique using commercially available standard and mono-specific anti-sera (Berinwerke AG, Germany). Serum GST activity was determined using the spectrophotometric method described by Habdous et al. (20) , on a Trace spectrophotometer (Trace Scientific Ltd, Australia) utilising 1-chloro-2,4-dinitrobenzene (CDNB, Sigma) as a substrate.
Determination of GSTP1, GSTM1 and GSTT1 genetic polymorphisms
A313G and C341T GSTP1 gene polymorphisms were determined using the polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP), as previously described in detail (21, 22) . To detect deletions in GSTM1 and GSTT1 genes, a multiplex PCR was performed including b-globin gene amplification employed as a DNA sample control, as previously reported (15) .
Statistical analysis
The frequency of each GST genotype and association between cases and controls were assessed by the c 2 -test. Odds ratios (OR) and 95 % confidence interval (CI) were used to describe the strength of association.
The influence of smoking histories (smokers, non-smokers and ex-smokers) on the AAT concentration and activity of GST and LDH in healthy individuals and COPD patients were tested with one way ANOVA and one way ANOVA on ranks (Kruskal Wallis test) for parametric and nonparametric data, respectively. Also, post hoc multiple comparisons were performed using the Holm-Sidak test (one way ANOVA) and Dunn's test (one way ANOVA on ranks).
The influence of GST genotypes (GSTP1, GSTM1 and GSTT1) on the serum GST activity in groups (COPD and healthy subjects) and in different genotype and smoking history groups were analyzed by two way ANOVA with post hoc comparisons (Holm--Sidak test).
The SigmaStat statistical program (version 3.5, SPSS Inc., Chicago, Illinois, USA) was used for all analyses except for odds ratio calculation by the MedCalc statistical program (version 7.0.0.2., MedCalc Software, B-9030, Mariakerke, Belgium). The value of p < 0.05 was considered statistically significant.
RESULTS AND DISCUSSION

GST and LDH activity and AAT concentration
GST and LDH activity and AAT concentration levels (median and interquartile range) in healthy individuals and COPD patients subdivided according to their smoking histories are presented in Table I .
No statistically significant difference in GST activity between and within multiple groups was found. Unlike GST activities, the difference in AAT and LDH between and within groups reached statistical significance (p < 0.05, Table I , abbreviation marks a-d).
It is known that subjects with AAT deficiency have an increased risk of severe airflow obstruction and experience an accelerated lung function decline (23) . In the present study, the total AAT value registered in COPD patients was higher than that registered in the controls and non-smoking controls in particular; both comparisons revealed statistically significant differences (Table I) . Also, the value of COPD ex-smokers was significantly higher than the value for total controls as well as subgroups of healthy subjects (Table I) . Interestingly, there were no significant differences between healthy smokers and COPD-smokers, and healthy non-smokers and COPD ex-smokers. Since AAT is known to be an acute phase protein, these results confirmed the existence of inflammation in stable COPD patients, but also implicated the complex mechanism in COPD development.
The significantly elevated LDH activity (Table I ) seen in COPD was probably associated with chronic hypoxia and thus a higher supply of lactate posing as this enzyme's substrate, as suggested earlier (24) . In other words, this rise in LDH activity might be at-tributed to the facilitated lactate oxidation to pyruvate, which could be subsequently used in the tricarbon acid cycle for energy production. But, LDH showed a statistically significant difference within the group of COPD patients. Non-smokers revealed higher activity than smokers and ex-smokers, indicating that other factors, as well as inflammation and a complex mechanism are involved in increased LDH value of COPD subjects, regardless of the best-studied COPD risk factor smoking history.
GSTP1, GSTM1 and GSTT1 genetic polymorphisms
The results of genotype determination, along with those of allele frequency, are given in Table II. GST -glutathione S -transferase, LDH -and lactate dehydrogenase activity, AAT -alpha-1 antitrypsine, COPD -chronic obstructive pulmonary disease a Significant difference between the groups (total COPD vs. control non-smokers, total COPD vs. total healthy subjects), p < 0.05. b Significant difference between the groups (COPD ex-smokers vs. healthy total, COPD ex-smokers vs. healthy non-smokers, COPD ex-smokers vs. healthy ex-smokers), p < 0.05. c Significant difference between the groups (COPD non-smokers vs. COPD smokers, COPD non-smokers vs. COPD ex-smokers), p < 0.05. d Significant difference between the groups (COPD total vs. healthy total, COPD total vs. healthy smokers, COPD total vs. healthy non-smokers, COPD non-smokers vs. healthy total, COPD non-smokers vs. healthy smokers, COPD non-smokers vs. healthy ex-smokers, COPD non-smokers vs. healthy non-smokers), p < 0.05.
The comparison of actual GSTP1 genotype distributions and those predicted by the c 2 -test based on allele frequencies, showed the population covered by this study to be in Hardy-Weinberg equilibrium (HWE), indicating that the control and the COPD group were sufficiently random and representative. The differences in GSTP1 exon 5, GSTP1 exon 6 and allele frequencies (A/G and C/T) found in the control and COPD groups were statistically significant (p = 0.021, p = 0.003, p = 0.009 and p = 0.002, respectively). When compared to the wild AA genotype, the calculated relative risk for combined category of mutant GG and heterozygous AG genotypes did not reach statistical significance. Compared to the CC genotype, the odds ratio for the combined category of CT and TT genotypes was 10.000 (95 % CI 2.179-45.882) and reached statistical significance (p = 0.002). These results suggested that the mutant GSTP1 exon 5 genotype (GG) as well as mutant (TT) and joint genotypes of GSTP1 exon 6, mutant and heterozygous (TT+CT), could be genetic contributors to COPD susceptibility, while homozygous wild types (AA and CC) were not. Similarly, Lakhdar et al. (25) found the Tunisians carrying a GSTP1 Val105 allele were at higher COPD risk. In addition, the meta-analysis completed by Yan et al. (26) suggested that the GSTP1 105Val/Val genotype was an important genetic contributor to COPD susceptibility. In contrast, Yim et al. (13) showed no association between exon 5 and COPD in Koreans, while Ishii et al. (12) showed an increased prevalence of homozygous GSTP1 exon 5 wild type in Japanese COPD patients. Smolonska et al. (27, 28) reported that GSTP1 105Val polymorphism had no COPD protective role in Asian population.
In the COPD group, the portion of null GSTM1 genotype carriers amounted to 47 % compared to 45 % in the controls. As regards the GSTT1 genotype, the percent share of null GSTT1 COPD-diagnosed carriers was 23 % compared to 22 % in the controls. The distribution of GSTM1 and GSTT1 genotypes in the COPD vs. controls was not significantly different. Calculated odds ratios for both genotypes were as follows: 1.069 for null GSTM1 and 1.100 for null GSTT1. The distribution of combined null GSTM1/GSTT1 genotypes and combined heterozygous (null/present and present/null) GSTM1/GSTT1 genotypes compared to combined both present GSTM1/GSTT1 genotypes was not significantly different.
A cohort study performed in Swiss general population showed a large proportion of Caucasians to carry one or both GST gene deletions (around 20 % of GSTT1 gene deletion, around 50 % GSTM1 gene deletion and around 10 % of GSTT1/GSTM1 gene deletion carriers) (29) . Similar results relative to null GSTT1, null GSTM1, and joint GSTM1/ GSTT1 null genotypes, were obtained in our study (Table II) as well. In the Korean (13) and Slovak populations (30) , no association between GSTM1 and GSTT1 genetic polymorphism and COPD was found. In agreement with these findings, our results showed no association between GSTM1 and GSTT1 gene polymorphisms and COPD either. The paper by Mehrotra et al. (31) suggested that GSTT1, but not GSTM1 null genotype, might be associated with COPD susceptibility. A strong correlation between the EPHX1 113 mutant homozygote with lower bronchodilator responses in smoking-related COPD was found by Chen et al. (32) .
Some research articles have shown the analysis of gene combination to be important for the estimation of gene-COPD relation. The study of Slovak population suggested the combination of the homozygous exon 3 mutant variant of EPHX1 gene and GSTM1 null genotype to be a significant predictor of increased COPD susceptibility, although none of the tested gene polymorphisms alone were associated with an increased COPD risk, at least not to a statistically significant extent (30).
He et al. (11) showed the combination of GSTT1 null genotype and GSTM1 and GSTP1 risk genotypes to be related to lung function impairments, while Lakhdar et al. (33) concluded that combined GSTM1, GSTT1, GSTP1 and EPHX1 genetic polymorphisms may have favourable effects on redox balance in COPD patients. Rodriguez et al. (14) found the modulating role of GSTP1 in COPD to take effect only in smokers lacking AAT. The study of Cheng et al. (9) proposed the combination of genetic variants including at least one mutant EPHX exon 3 allele, GSTM1 null and homozygous Ile105 GSTP1 genotypes to be a significant indicator of COPD susceptibility in Taiwanese population.
The association between GST genotypes, total serum GST activity and smoking history
Association between serum GST and different GST genotypes in COPD and healthy subjects were tested by two way ANOVA and presented in Figs. 1a-d .
Also, based on their genotypes, the tested subjects were divided into two groups: (i) combined wild GST genotype consisting of GSTP1 exon 5 wild type/GSTP1 exon 6 wild type/GSTM1 present/GSTT1, and (ii) non-wild combined GST genotype consisting of all other genotypes, and compared for their total GST serum values. No combination of wild GST genotypes was found among COPD patients. Accordingly, no influence of combined wild GST genotypes (all wild type GST genotypes) as well as non-wild combined GST genotype on GST activity among different smoking history groups of COPD patients and controls was recorded, as seen in Fig. 1 .
Wild type GST genetic combination was seen in more than 5 control subjects (2 smokers, 2 non-smokers, and 1 ex-smoker). Their GST activity was 85.50 ± 16.29 U L -1 (median, 83 U L -1 ; range, 69-107 U L -1 ). In the remaining control subjects (n = 55; 23 smokers, 17 non-smokers, and 15 ex-smokers), a combination of GST genotypes was found, their GST activity being 66.16 ± 15.79 U L -1 (median, 67 U L -1 ; range, 38-111 U L -1 ).
Comparison of these two control subgroups yielded a statistically significant difference (p = 0.023, t-test), but this observation has no power and should be further clarified in a study involving a larger sample size. When comparing the non-wild GST genotype-carrying control and non-wild GST genotype-carrying COPD group members, no statistically significant difference was found by the t-test, nor in the comparison of the wild GST genotype-carrying control and the non-wild GST genotype-carrying COPD group.
The total GST activity seen in the controls and COPD group, as well as in smoking history-based (Table I ) and GST genotype-based subgroups (Fig. 1) , was not significantly different. In addition, the influence of different GST genotypes on GST activity among controls and COPD patients with different smoking history (smokers, ex-smokers and non-smokers) was not found in this study (Fig. 1) . This is not surprising, since many GST genes regulate the enzyme production and,a single abnormality,may not be adequate to reduce the level of GST activity (34) .
The Chinese study, which involved a similar number of controls but more COPD patients, showed that plasma GST activity was significantly higher in patients compared to controls, irrespective of their different genotypes (17) . Also, that study concluded that polymorphisms of GSTT1, GSTM1 and GSTP1 genes were unlikely to be involved in the pathogenesis of COPD.
To the best of our knowledge, only one study reported GST activity measurements in the plasma of COPD patients together with determination of different GST genotypes in smokers with or without COPD (17) ; thus the relative importance of GST in human lungs still remains unknown. In our study, serum GST activity seen in COPD patients was lower compared to the coresponding healthy controls, but the differences were not statistically significant (Table I) . This trend of GST activity in the sera of patients with stable COPD could be probably explained by the drop of the GSH level in COPD and increased oxidative stress occuring in the lungs and systemically in COPD (1) .
Recently, Bentley et al. (35) investigated the association of the variants of genes encoding antioxidant enzymes with the lung function phenotypes. They confirmed that single nucleotide polymorphisms (SNPs) in genes associated with glutathione synthesis and encoding glutathione S-transferases were associated with the lung function pheno- Fig. 1 . Serum GST activity according to GSTP1: a) exon 5, b) exon 6, c) combined GSTM1 and GSTT1 and d) combined GSTP1 exon 5 and exon 6 genotypes in COPD patients and healthy subjects. Association between serum GST and different GST genotypes in COPD and healty subjects was performed by two way ANOVA. Statistical difference was not found (p > 0.05). wt -wild type genotype; mt -mutated homozygous genotype; ht -heterozygous genotype; comb -combined genotypes; HNS -healthy non-smokers; HS -healthy smokers; HES -healthy ex-smokers; COPD-NS -COPD non-smokers; COPD-S -COPD smokers; COPD-ES -COPD ex-smokers.
type. Also, their results supported a key role for the mitochondria and mitochondrial antioxidant enzymes in the lung and systemic response to ROS in cigarette smoke exposure.
Our results showed the presence of a systemic oxidant/antioxidant imbalance typical of COPD, with the measured parameters not being affected by smoking, so that we concluded that this imbalance was probably smoking independent.
One limitation of the present study was that only older male subjects were involved. However, it is known that COPD is more prevalent in those over the age of 60 and in men than in women. Another limitation was that this was a case-control study with a relatively small number of recruited subjects. However, the study groups were homogenous, sex and age matched controls and COPD subjects, with very well defined inclusion and exclusion criteria. Conclusions drawn from the study should be further supported and clarified by studies with larger sample sizes, including women and not only stable, but also exacerbating COPD patients.
CONCLUSIONS
Our study suggested that the GSTP1 mutant genotype of exon 5 (GG), and also GSTP1 mutant and heterozygous genotypes of exon 6 (TT and CT), could be genetic contributors to COPD susceptibility while null GSTM1, null GSTT1, joint GSTM1/GSTT1 null genotypes and wild type GSTP1 genotypes (AA and CC) were not. No influence of GST genotypes on serum GST activity in COPD subjects and controls subdivided according to smoking history was found.
According to our study results, cigarette smoking as one of the possible, but not indisputable COPD causal factors had no major and unequivocal impact on the serum level of GST, AAT and LDH, as there was no statistically significant difference between healthy subject subgroups divided according to their smoking history (non-smokers, ex--smokers and smokers).
In addition, an elevated and significantly higher level of AAT, known as an acute phase protein, was found in the group of COPD ex-smokers compared to healthy ex--smokers. As there were no significant differences between healthy smokers and COPD--smokers, and healthy non-smokers and COPD non-smokers, the results imply the complexity of the mechanism, not underlying the observed effects only inflammation and influence of smoking. Surprisingly, a significantly higher level of LDH was found in COPD non-smokers in comparison with COPD smokers and ex-smokers, but also in comparison with healthy control subgroups. These results supported hypoxia and inflammation as a part of the disease, but showed a complex causal mechanism and need for further investigations and clarifications.
Further studies are needed to clarify the role of genes, serum GST activity and smoking status in COPD onset; their sole and combined roles should be explored in a larger population group involving not only stable, but also exacerbating COPD patients.
